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Abstract: Consumers have sought to adopt 
a healthier lifestyle by avoiding the use of 
foods with artificial preservatives. To meet 
this demand, a solution would be the use of 
natural preservatives. There are foods that 
already have natural antimicrobials such as 
milk (which has lactoferrin), eggs (lysozyme) 
and crustaceans (chitosan). There are also 
bacteriocins produced by bacteria to inhibit 
others, nisin. All these antimicrobials are non-
toxic and can be applied to foods as natural 
preservatives. In this review, we detail each 
natural antimicrobial and the possible food 
application that can be directly or through 
films, coatings, packaging and encapsulation.
Keywords: Health, natural preservatives, shelf 
life.

INTRODUCTION
Currently, the demand for natural 

preservatives has grown due to the possible 
carcinogenic, teratogenic and allergenic effect 
of artificial preservatives (Vara et al, 2019). 
(Hayek et al, 2013).

Natural antimicrobials come from natural 
sources and can be added directly to foods or 
incorporated into edible films and coatings, so 
that they are released during food storage and 
contribute to increasing food shelf life and 
safety (Hafsa et al, 2016, Lopes and Brandelli, 
2017).

New food products with improved 
quality can be introduced in the market 
when natural antimicrobial compounds are 
combined with other natural antimicrobials, 
and attributing other properties, such as 
antioxidant activities, can offer organoleptic, 
technological, nutritional and health benefits 
(Hugo and Hugo 2015, Jamalabadi et al. al. 
2019, Kourkoutas and Proestos, 2020).

LYSOZIME
Lysozyme is an enzyme present in the eggs 

of birds and in the milk of mammals, it can 

also be found in saliva, tears, blood serum, 
some plants and even in certain bacteria and 
bacteriophages (Wu et al., 2015, Liburdi et al., 
2014).

Structurally, lysozyme is a globular protein 
stabilized with four disulfide bonds that 
confer high thermal stability to the enzyme 
(Hamdani et al., 2017). This protein consists 
of 129 amino acids, has a molecular weight of 
only 14 kDa, and has an isoelectric point (pI) 
of 11 (Syngai, and Ahmed, 2019, Sarkar et al., 
2020).

The antimicrobial activity of lysozyme is 
more effective against Gram positive bacteria 
compared to Gram negative bacteria. Gram-
negatives have a lipopolysaccharide layer on 
the outer layer of the membrane consisting of a 
physical barrier (Tiwari et al, 2009). Lysozyme 
is most effective against Gram-negative 
bacteria when used in combination with nisin 
and lactoferrin, as these compounds initiate 
membrane disruption (Barbiroli et al., 2012; 
Pisoschi et al., 2018).

Chicken egg white lysozyme is reported 
to be applied as a preservative in fish and fish 
products, meat and meat products, milk and 
dairy products, fruits and vegetables (Gyawali 
and Ibrahim, 2014). Several patents have been 
issued with the incorporation of lysozyme 
in food packaging films and application as 
a coating material for fruit (Hamdani et al., 
2017).

Yuceer and Caner (2014) demonstrated an 
increase in the internal quality of fresh eggs 
during their storage using chitosan-lysozyme 
films. Barbiroli et al. (2012) found that 
lysozyme films with carboxymethylcellulose 
were effective in decreasing the growth of 
Listeria on thin slices of meat.

LACTOFERRIN
Lactoferrin is a globular glycoprotein, 

pink-reddish in color, composed of 692 amino 
acids, with a molecular weight of 80 kDa and 



3
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.159242230012

has two symmetrical N and C lobes (Felipe et 
al, 2017). This protein is present in mammalian 
secretions such as saliva, tears, gastrointestinal 
fluids, vaginal fluids, semen, bile and urine. 
The largest amount of lactoferrin is in milk 
and colostrum (Rybarczyk et al, 2017).

It is a compound that sequesters iron so it 
exists in two different forms: halolactoferrin 
(bound to iron) and apolactoferrin (without 
iron). It is also able to bind other metals 
(aluminium, copper, gallium, manganese 
and zinc) better than iron (González-Chávez 
et al, 2009). Apolactoferrin has an open 
conformation, while hololactoferrin is a closed 
molecule with greater resistance to proteolysis 
(Adlerova et al, 2008, Jameson et al,1998).

This glycoprotein has antibacterial, 
antifungal, antiviral and antiparasitic 
properties (Pawlik et al, 2014). The 
antimicrobial domain of lactoferrin is located 
in the N lobe (Baker & Baker, 2009). There 
are two antibacterial mechanisms: (i) iron 
sequestration from the environment where 
the microorganism is and thus, suppresses 
bacterial growth, (ii) lactoferrin increases cell 
permeability, inducing cell lysis and death of 
microorganisms as it is a cationic molecule 
and interact with lipopolysaccharides, which 
are anionic (García-Montoya et al, 2012, 
Messenger et al, 1983, Ortíz-Estrada et al, 
2012).

Lactoferrin has been used as an 
antimicrobial in meats (Pisoschi et al, 2018). 
Lactoferrin alone or together with nisin 
improved the microbiological quality of 
meatballs, leading to a decrease in total aerobic 
bacteria, coliforms, psychrotrophic bacteria, 
yeast and molds (Colak et al, 2008). There is a 
study by Padrão and collaborators (2016) that 
the bactericidal efficiency of lactoferrin was 
proven when applied to pork sausage.

LACTOFERRICIN
Peptide derived from the digestion of 

lactoferrin by the enzyme pepsin (Villalobos-
Delgado et al, 2019). The antimicrobial 
potency of this peptide is much greater than 
that of the native protein (Farnaud et al, 2003, 
Gifford et al, 2005). Antimicrobial peptides 
generally have two common characteristics: 
cationic charge and a significant proportion 
of hydrophobic residues (Akalin, 2014).

Although not fully understood, the 
antibacterial mechanism of lactoferricin is 
similar to that of lactoferrin, lactoferricin 
acts by damaging the outer cell wall and 
destabilizing the cytoplasmic membrane 
of microorganisms (Sallmann et al, 1999, 
Yamauchi et al., 1993, Rybarczyk). et al, 2016).

The natural conservation of lactoferricin 
in cheeses has been proven. Quintieri and 
colleagues (2012) found lower microbial 
loads in mozzarella cheese using hydrolyzed 
lactoferrin compared to unhydrolyzed 
lactoferrin. Lactoferricin retarded the growth 
of Pseudomonas spp. and coliforms present in 
Mozzarella cheese in the study by Caputo et 
al. (2015).

NISIN
Nisin is an antimicrobial peptide of 

34 amino acids, synthesized by bacteria: 
Lactococcus lactis, therefore it is a bacteriocin 
(Arqués et al, 2004, Del Nobile et al, 2012, 
O’Sullivan, 2012). It acts mainly against Gram 
positive bacteria, because nisin is cationic, it 
interacts with the high levels of anionic lipids 
in the Gram positive membrane resulting in 
cell disruption (Cleveland et al, 2001). 

Another antibacterial mechanism of nisin 
is the interference with bacterial cell wall 
biosynthesis, preventing the synthesis of 
peptidoglycans, a component of membranes, 
thus causing cell rupture and death (Balciunas 
et al, 2013, Liao et al, 2018). Although this 
peptide inhibits many bacterial species 
such as: Lactobacillus, Pediococcus, Listeria 
and Staphylococcus, this peptide has no 
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antimicrobial activity against gram-negative 
bacteria, filamentous fungi, yeasts and viruses 
(Gharsallaoui et al, 2016). 

This antimicrobial peptide is the only one 
with GRAS (generally considered safe) status 
by the W.H.O. and FDA and is one of the only 
bacteriocins approved in over 50 countries 
for use in food preservation.) (Pisoschi et al, 
2018).

Nisin has been used as a popular and 
natural antimicrobial agent in dairy, juice, 
meat and plant products (Siroli et al, 2019). 
However, the use of nisin includes some 
challenges such as uncontrolled antibacterial 
performance during food storage, sensitivity 
to environmental stresses, susceptibility to 
proteolysis and undesirable interactions with 
food components (Biswaro et al, 2018). To 
overcome these challenges, nisin has been 
used together with other antimicrobials 
(such as chitosan, essential oils, natamycin) 
or combined with compounds such as pectin 
or alginate and techniques such as micro 
or nanoencapsulation (McClements, 2018, 
Ibarra-Sánchez et al. al, 2019).

Numerous studies prove the antimicrobial 
activity of nisin combined with other 
compounds when applied to foods. 
Microemulsions with nisin and rosemary, 
thyme and oregano oils showed a bactericidal 
effect against B. cereus, L. monocytogenes, 
Staphylococcus aureus and Lactococcus lactis  
(Baptista et al, 2019). Encapsulation of nisin 
with chitosan capsules regulated the release of 
the compound and maintained the biological 
activity of the active, solving the problems 
of enzymatic inactivation of nisin or its 
interaction with food components (Wu et al, 
2017). The bactericidal activity of chitosan 
showed a synergistic effect with nisin, 
inhibiting the growth of microorganisms, 
lipid oxidation and fish protein degradation 
(Wu et al, 2017, Baptista et al, 2019). 
Antimicrobial packages with nisin were 

able to reduce or eliminate microorganisms 
such as: L. innocua, S. aureus, Bacillus cereus 
and Micrococcus luteus in cheese or dairy 
products (Cao-Hoang et al, 2010, Hanušová 
et al, 2010). Nisin combined with natamycin 
(another bacteriocin) inhibited the growth of 
yeasts and molds on olives (Hondrodimou et 
al, 2011).

CHITOSAN
Chitosan is derived from the deacetylation 

of chitin (Hamed et al, 2016; Hosseinnejad 
and Jafari, 2016). Chitin is found in the 
exoskeletons of crustaceans, molluscs and 
insects (Cheung et al, 2015, Abdelghany et al, 
2019).

This chitin derivative is a cationic, non-
toxic, biodegradable and biocompatible 
polysaccharide (Menazea et al, 2020, Ben-
Shalom et al, 2003). Chitosan has antifungal 
and antibacterial properties, being more 
effective against Gram-negative than Gram-
positive bacteria (Ben-Shalom et al, 2003, 
Fernandes et al, 2008).

The molecular weight of chitosan plays a 
crucial role in determining its activity against 
bacteria (Hayek et al, 2013, Ben-Shalom et 
al, 2003). Low molecular weight chitosan 
generally has stronger antibacterial potential 
compared to high molecular weight chitosan 
(Hosseinnejad and Jafari, 2016, Abd Elgadir 
et al, 2015). High molecular weight chitosan 
forms an impermeable polymeric layer on 
the bacterial cell surface, blocking the entry 
of nutrients into the cell, and low molecular 
weight chitosan penetrates cells and interferes 
with mRNA and protein synthesis leading to 
cell death (Hosseinnejad et al. Jafari, 2016, 
Kumar et al, 2020).

The antibacterial capacity of chitosan also 
occurs through its positively charged amino 
groups, which bind to the negatively charged 
surface of bacterial membranes, causing cell 
lysis and the death of the microorganism 
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(Hamed et al, 2016; Perinelli et al, 2018).
Studies show the inhibition of 

microorganisms caused by chitosan in 
meats, breads and alcoholic beverages (Lee 
et al, 2002, Malinowska-Pańczyk et al, 2009, 
Petrova et al, 2016). Malinowska-Pańczyk and 
colleagues (2009) found lower total bacterial 
counts (psychrophilic and psychrotrophic) 
in chitosan-treated pork compared to control 
samples. The addition of chitosan inhibited 
bacterial growth in wheat bread in the work 
of Lee et al. (2002). In red wine chitosan 
inhibited yeast: Brettanomyces bruxellensis 
(Petrova et al, 2016).

Chitosan can still be used as food 
packaging material in the form of films and 
coatings that can prolong the shelf life of food 
with the advantages of being biodegradable 
and non-toxic (Zhou et al, 2021). In addition, 
chitosan in films and coatings does not affect 
the sensory properties of packaged food 
products (Izci et al, 2017, Suresh et al, 2015).
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